Some of the Heusler-phases (XY 2 Z and XYZ) are known to have large homogeneity ranges which can be useful for tuning material properties. In this work we have revised the isothermal section of the Ti-Co-Sn system at 973 K (700 °C). 29 ternary compositions, mostly in the regions TiCo 2-x Sn for 0 ≤ x ≤ 1 and Ti 1+y Co 2 Sn 1-y for 0 ≤ y ≤ 1, were prepared by arc-melting, then ball milled and annealed. The resulting annealed powder samples were studied by applying the Rietveld method to X-ray and neutron powder diffraction data. 
Introduction
Heusler-phases have lately received much attention in the literature, both in fundamental research and in application-focused research areas like thermoelectrics and spin-tronics [1] .
Heusler compounds are divided into full-Heusler (fH) and half-Heusler (hH). Both structures are cubic where fH is described with space group Fm-3m (no. 225, MnCu 2 Al-prototype), often referred to as XY 2 Z, and hH is described with space group F-43m (no. 216, MgAgAsprototype), often referred to as XYZ, where X and Y are typically transition metals and Z is a main group element.
Early works on the Ti-Co-Sn system indicate the existence of both the fH TiCo 2 Sn and the hH TiCoSn [2, 3] . These works report a solid solution TiCo 2-x Sn that follows Vegard's law only for x > 0.4, while below 0.4 the lattice constant of the Heusler-phase stays very close to 6.00 Å. Later studies using Extended X-ray Absorption Fine Structure (EXAFS) and neutron diffraction show that samples with composition TiCoSn after annealing at 1073 K (800 °C)
are multi-phase where the Heusler-phase has the composition TiCo 1.5 Sn and a unit cell close to 6.00 Å [4, 5] . However, the most recent studies on the Ti-Co-Sn system again report existence of hH TiCoSn with full solid solubility between hH and fH [6] or a partial solubility [7] .
This experimental work deals with annealed powder samples of ternary alloys containing
Heusler-phases with elements Ti, Co and Sn. Samples were analyzed mainly by X-ray (XRD) and neutron powder diffraction (ND). The Rietveld method was used to analyze the diffraction data with respect to the compositions and unit cell parameters for the phases as well as the relative phase fractions. Based on these techniques a revised isothermal section at 973 K (700 °C) with the focus on the Heusler-region of the phase diagram Ti-Co-Sn is proposed.
Experimental methods
The investigated samples were made by arc melting of elements with purity 99.9 wt. % or better. Arc melting was done in Ti-gettered argon atmosphere in a water-cooled copper hearth and a tungsten electrode. The samples were turned and re-melted 3 times to improve homogeneity. Resulting buttons of about 5 grams were ball milled in argon atmosphere for 6 minutes in SPEX SamplePrep 8000D Mixer/Mill in chromium steel vials (SPEX 8001) with 10 chromium steel balls (14% Cr) of 4 grams each. Sample loss in this whole synthesis process was below 1 % of the initial weight. No contamination of the samples with iron or chromium was detected with EDS in SEM.
The powder samples were annealed in evacuated silica ampoules at the temperatures 973 K (700 °C) and 1273 K (1000 °C) followed by quenching in water. Samples #16-19 (Table 1) were annealed for 21 days at 973 K (700 °C) while the rest of the samples were annealed for 7
days. Annealing at 1273 K (1000 °C) was done for 48 hours and if no severe sample loss (described in the next paragraph) was observed they were annealed for another 48 hours.
We chose to focus on the annealing temperature of 973 K (700 °C) since annealing at both lower and higher temperatures for some of these compositions is problematic. At temperatures 873 K (600 °C) and lower most of the powder samples are not homogenized after annealing for one month. When annealed at temperatures above 1073 K (800 °C),
samples that contain the phase Ti 6 Sn 5 are found to form an oxide layer on the walls of the silica glass ampoule. The area of the ampoule wall that is in direct contact with the sample becomes coated with a Ti-Sn-oxide, while the rest of the ampoule becomes fully coated with an amorphous Ti-oxide of about 1 µm in thickness. Carbon coating of the ampoule wall does not hinder this process, but it can be suppressed by reducing the inner area of the ampoule, i.e.
by soldering a silica rod just above the sample inside the ampoule. The amount of these oxides is relatively low compared to the amount of sample (<1 wt.%), but it involves only two of the components in the sample.
Powder X-ray diffraction (XRD) was done with a Bruker AXS D8 Discover in Bragg- 
Experimental results and discussion
29 different compositions within the Ti-Co-Sn system have been investigated in this work and the samples annealed at 973 K (700 °C) are summarized in Table 1 . Space groups of the phases used in Rietveld refinements are listed in Table 2 . We propose a revised isothermal section at 973 K (700 °C) (Fig 2) based on the observed phase relations that are listed in Table 1 . have a lower lattice constant a = 6.0721(2) Å for the iH-phase and show no indication of any large disorder in the structure (Table 3) .
Annealing temperature a (Å)
Occupation of the element on its Wyckoff position 4a (Ti) 4b (Sn) 4c + 4d (Co) 773 K (500 °C) 6.0707 (2) 1.00 0.95(2) 1.97 (2) 973 K (700 °C) 6.0795(2) 1.00 0.97(2) 2.00 (2) 1273 K (1000 °C) 6.0721(2) 1.00 1.00(2) 2.00(2) Fig 3) , were analyzed with ND. All of these samples give small diffraction peaks at d = 2.44(1) and 1.27(1) Å that fit to a cubic cell with a = 4.23(1) Å, possibly related to a divalent oxide of Ti or/and Co. These peaks were not observed in the XRD patterns. This can possibly be attributed to the specimen size where the amount of analyzed sample for the XRD is in the order of milligrams while the amount of the sample for ND is in the order of grams. In the refinement the peaks were modeled as TiO (Fm-3m) and were found to make up about 0.5(2) wt.%. Values for 973 K (700 °C) are taken from Table 1 .
In this work we also have discovered a previously not reported SSR between the compositions (Fig 1, Fig 4) . 
Conclusions
In this work we have revised the isothermal section at 973 K (700 °C) of the ternary system Ti-Co-Sn. The main focus of the study was to explore the phase relations around the Heusler- 
